Over a period of three years 676 renal or ureteral calculi have been decalcified by chelating agents. The matrix has been recovered by ultrafiltration through collodion membranes and subjected to analysis by a variety of techniques. The present report is concerned with the microscopic structure and the histochemical properties of the matrix recovered from calcigerous stones. Sixty-four calcigerous stones of wet weight 60 mg. to 28.35 gm., when surgically removed from the renal pelvis or ureter, were immediately rinsed in water and bisected with a hacksaw. The two halves were placed in a stoppered Erlenmeyer flask containing 500 ml. of decalcifying solution. The filings from the sawcut were subj ected to chemical (1) and spectroscopic (2) analyses.
Over a period of three years 676 renal or ureteral calculi have been decalcified by chelating agents. The matrix has been recovered by ultrafiltration through collodion membranes and subjected to analysis by a variety of techniques. The present report is concerned with the microscopic structure and the histochemical properties of the matrix recovered from calcigerous stones.
MATERIAL AND METHODS
Preparationt of matrix for histochemical studies. The decalcifying solution contained 5 per cent (wt/v) tetrasodium ethylenediaminetetraacetate and 10 per cent (v/v) formalin adjusted to pH 7.8 ± 0.1 with 12 N HCI.
Sixty-four calcigerous stones of wet weight 60 mg. to 28.35 gm., when surgically removed from the renal pelvis or ureter, were immediately rinsed in water and bisected with a hacksaw. The two halves were placed in a stoppered Erlenmeyer flask containing 500 ml. of decalcifying solution. The filings from the sawcut were subj ected to chemical (1) and spectroscopic (2) analyses.
The flasks containing the halved calculi were carefully stored at 3°C. and every effort was made to prevent agitation of the solution. At 7 to 10-day intervals the decalcifying solution was removed by pipette and filtered through collodion membranes of 0.01 micron in pore size.3 Refiltration through membranes of average pore diameter less than 0.005 micron did not result in recovery of additional material. The decalcifying solution was carefully replaced and the process continued for 3 to 27 weeks, depending upon the size of the stone and the rate of decalcification. The residual matrix invariably formed a complete cast of the original stone, and decalcification of a degree permitting sectioning with the 1 This investigation was supported by research grants A-259 from The National Institute of Arthritis and Metabolic Diseases, and B-342 from The National Institute of Neurological Diseases and Blindness, National Institutes of Health, Department of Health, Education, and Welfare, and by a grant-in-aid from the Squibb Institute for Medical Research, New Brunswick, New Jersey. 3 Schleicher & Schuell Co., Kenne, N. H., "S & S Ultrafine Filters" the porosity of which has been checked by electronmicroscopy. microtome was evidenced by translucence when a light was held beneath the flask. In many instances no gross evidence of decalcification was observed until the entire "stone" was found floating on the surface of the solution.
Only a very minute amount of material was recovered from the ultrafiltration of the decalcifying solution through collodion membranes. This was recovered by ethanolether dissolution of the membranes at minus 5°C, and the mucoprotein precipitate was concentrated by centrifugation. After dehydration and embedding, this material was sectioned and treated in the same manner as the residual matrix.
When decalcification was complete the matrix was gently floated into smaller containers, dehydrated and embedded in the manner usually employed for microscopic study of tissues. Serial sections 8 to 10 microns in thickness were taken at intervals through the matrix of each calculus. Representative sections from each specimen were then treated according to the techniques described below.
Three calculi in this group of 64 formalin fixed stones had a centrally calcified core with an enveloping surface of laminated organic material 4 to 12 mm. in thickness (Figure 1) . A portion of this surface material was cut away, fixed in formalin, sectioned with the microtome, and treated by the methods described below. These calculi, with most of the roentgenolucent cover intact, were then decalcified and subsequently studied in the same manner as all other calculi in the series. The 24-hour urinary calcium excretion in each of these patients was less than 36 mg. on three or more determinations. This surface material was therefore considered to represent matrix that had not been calcified, and is subsequently referred to as uncalcified matrix in contradistinction to matrix which refers to the organic residue recovered by decalcification.
Hematoxylin and eosin. dialyzed against distilled water and ultrafiltered through collodion membranes. The matrix thus recovered was again dialyzed against distilled water and lyophilized. This matrix was dried in vacuo to constant weight and the percentage composition of the calculi determined.
Preparation of matrix for chemical analyses. Lyophilized matrix from the above pools was subjected to elemental analyses. Matrix from similar pools of 348 freshly recovered calculi which were not dehydrated were analyzed for protein and carbohydrate content. The Molisch and anthrone tests were performed as described by Dische (6) . The orcinol (protein bound hexoses) and diphenylamine (sialic acid) tests were done as described by Winzler (7) . The diphenylamine test was also applied by the method of Anderson and Maclagan (8) with control studies on urinary mucoprotein isolated by the techniques of these authors. The Hale test for acid mucopolysaccharides was performed by the method of Di Ferrante (9) . The ninhydrin and biuret tests were made by standard techniques (10) . Tests for hexuronic acids were made by the naphthoresorcinol (11) and carbazole (12) methods. Hexosamines were determined by both the Elson-Morgan (7) and indol-HCl (6) reactions. Control tests were made with standard solutions of human serum proteins, serum glycoproteins, hexoses, glucuronic, and galacturonic acid.
The elemental analyses of the lyophilized matrix were made by standard techniques (13) . Analyses for carbon and hydrogen were by the universal tube filling method. Nitrogen determinations were by the Dumas procedure, and total phosphorus and sulphur determinations were by gravimetric analyses following a Carius wet digestion. The conjugated sulfates were determined by first precipitating the inorganic sulfates with barium chloride, followed by hydrolysis of the organic material in 2.4 N HCl for 3 hours and determination of the liberated sulfate by the method of Folin (14) . The inorganic ash was determined by igniting the material in the presence of an excess of sulphuric acid.
RESULTS

Microscopic structure
The crystalline composition of the formalin fixed calculi was mixed calcium oxalate and calcium phosphate in 26, calcium oxalate in 18, calcium phosphate in 12, and calcium phosphate with magnesium ammonium phosphate in 8. It was not possible to detect any structural or histochemical characteristics of the matrix which could be correlated with the crystalline composition of any of these calculi, hence the following descriptions apply to any calculus in the series.
The organic matrix was uniformly distributed from the center to the surface of all calculi (Figure 2) . The matrix was composed of broad bands of parallel fibers with an amorphous interfibrillar material. These bands had a tendency to form circular whorls so that a single section usually presented some of the bands with the long axes of the fibers parallel to the plane of section and others at right angles ( Figure 3 ). The physical characteristics of the calculus were definitely related to the structure of the matrix. Smooth surfaced calculi were found to exhibit broad bands of parallel fibers with little tendency to small whorls ( Broad bands and small whorls of fibers were encountered at any level from center to surface of the various calculi. Sections through the central "core" of partially decalcified stones revealed only a small compact whorl of matrix and inorganic crystals ( Figure 6 -A). In no instance was there evidence of a nidus of cellular debris, bacteria, or other foreign material. Cross sections of many calculi revealed multiple "nuclei" (Figure 2 -B) which were found to be compact whorls of organic matrix (Figure 3-B) .
Between the fibrils a variable quantity of amorphous material was found in all specimens.
This was most abundant in surface layers of uncalcified matrix in which the fibrillar structure was not as well developed as in the decalcified matrix ( Figure 5 ). The material which diffused into the solution from the decalcifying process, and which was recovered on the collodion membranes of the ultrafilter, was composed entirely of this amorphous substance.
Cellular elements were abundant within the body of many calculi and were occasionally seen in the surface layers of the matrix (Figure 4) . Segmented polymorphonuclear leukocytes, monocytes, and eosinophils were present in the inner layers of some calculi (Figure 3-A) . Sheets of lymphocytes were rarely encountered, but sometimes occurred in such numbers as to suggest a "lymphocytic stroma" in small areas of the calculus (Figure 4-A jected to diastase treatment as compared with the control sections, indicating that the positive reaction is not due to the presence of glycogen.
Weigert's acid iron hematoxylin counterstain obscured the PAS reaction in many areas of all sections, but there was no uptake of the hematoxylin stain by the matrix.
Tolutidine blue. The matrix of all stones stained uniformly and deeply orthochromatically blue. However, there were areas of varying degree of metachromasia in every stone regardless of the crystalline composition ( Figure 5 ). This confirms the observations reported by Howard (15) for phosphatic calculi. In our experience oxalate calculi also contain some metachromasia if the matrix is serially sectioned.
The uncalcified matrix demonstrated a very deep purplish-red metachromasia involving especially the peri-fibrillar areas ( Figure 5-A) . This metachromasia appeared to be enhanced by prolonged treatment of the uncalcified matrix through the decalcifying process, hence processing of the calcified stones did not destroy the metachromatic properties of the matrix.
Treatment of the matrix in concentrated sulfuric acid resulted in an increase in the metachromatic properties of the decalcified matrix. This was attributed to sulfation of the PAS positive mucoprotein (5) rather than to the removal of additional cationic groups since a reducing acid rinse was utilized prior to the PAS treatment of control sections.
von Kossa stain for "calcium salts." This test depends upon the presence of insoluble substances which can bind silver ions in such a manner that after exposure to sunlight they can subsequently be reduced by developer and the unbound silver cleared with thiosulfate in the same manner as photographic emulsions. The insoluble phosphates, alkali salts of fatty acids, and free aldehyde groups of large molecules may give positive results with the stain. The large crystalline de posits ( Figure 6 ) which give the von Kossa stain are considered to be calcium phosphate crystals because the inorganic ash of these preparations is composed almost entirely of calcium phosphate, and because the same deposits stain a deep blue with alum hematoxylin and grey-violet with iron hematoxylin in corresponding sections. The thin line of reduced silver along the margins of the fibrils (Figure 6-D) may not be phosphate crystals, but may represent free aldehyde or other groupings capable of binding silver ions.
The black deposits of "calcium salts" were found to occur in linear arrangements along the borders of the fibrillar matrix and appeared to be intermingled with the amorphous interfibrillar portions of the matrix (Figure 6-C) .
Stains for mucin. Treatment with the mucicarmine, iron hematoxylin, metanil yellow stain of Mayer resulted in a diffuse red color in the matrix. It was noted that incompletely decalcified matrix demonstrated a tendency to stain yellow along the borders of fibrils where calcium salts were deposited (Figure 6-D Elemental analyses of the matrix. Table II is a compilation of the average elemental composition of matrix recovered from five pools of calculi. The analysis of the total matrix is compared with that of the molar sodium chloride soluble and insoluble fractions of the same pools. These results have been corrected for inorganic ash content.
Spectroscopic analysis of the ash revealed calcium and phosphorus to be the predominant elements, although traces of magnesium were usually present. The inorganic ash from lyophilized matrix was analyzed for calcium content. The amount of calcium in the matrix from the 5 pools of calculi varied between 0.56 and 4.49 per cent (wt/ wt). The amount of calcium in the ash from lyophilized matrix obtained from Chromatographic study of carbohydrate and amino acid content. A 16-mg. sample of total matrix was hydrolyzed with 10 ml. of 6 N HCl for 20 hours in a sealed tube at 1000 C. Twodimensional chromatograms with phenol and lutidine solvents were made on Whatman No. 1 filter paper according to the method described by Block, Durrum, and Zweig (20) . The amino acids threonine and leucine (isoleucine) were present in largest concentration. Serine, glycine, tyrosine, and hexosamine were also identified. Arginine was thought to be present but was poorly separated from lysine, and two materials which stained poorly with ninhydrin could not be identified.
A 100-mg. sample of the total martix was hydrolyzed with 5 ml. of N H2SO4 at 100 C. for 6 hours in a sealed vial. 
